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DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide hydrogen ion 
implantation method into a semiconductor or metal, in 
which an ion species of hydrogen is limited to one kind, 
and an ion implantation device by bringing an object 
substrate into contact with plasma, applying positive 
voltage to the object substrate and a susceptor. and 
implanting a hydrogen negative ion into the substrate. 
SOLUTION: Hydrogen gas is introduced into a plasma 
generating chamber 30. A first trigger circuit 45 turns on 
a first switch 40. High frequency voltage is applied to a 
facing electrode 32 and a susceptor electrode 31, glow 
discharge is conducted between the electrodes, and 
hydrogen plasma is generated. When the first trigger 
circuit 45 turns off. the first switch 40 turns off, and 
plasma disappears. Electrons instantaneously loses 
energy, collision cross section area of electrons to 
hydrogen atoms is remarkably increased, collision of 
electrons against hydrogen is made easy, H- is 
produced, and density of H- is maximized between 
several 10 „ sec and 100 msec. After the first trigger circuit turns on, when a second trigger 
circuit 46 turns on, negative ions enter the inside of a wafer 58. 
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X^^^figL, m2:^7XvStc(4¥«(*««. 

m^A^m 2 XvStci^li b*V> J; ^ ic L, m 

2 7"^ Xv^T'«? t 't'ltll?^. 5i-TFO«3?%{Sii b7j< 

1 lct5K©/Vl/X-'W7X7kSft-l'^>aA:^ji<. 

y^Xv^sr^fig-rs^e^ti^/'cTT'^XT^t cs^m 20 

iS&L. y7X-7Srttc^$n/i:»«tti5f-y-y hO^ 
ffiKC s «rJiS(*'ia:, co^f— y-y hk:ft«ffi*BJ*D-r 

^ft-r ^ ^fiS^oiSv^Tk^y^XT^&^j^tf S c: i: 
® -r 2>iS^Jl HCiett07^;VX7 W TXTK^ft'T 

[tf^3S4] :/vXv^fiK#IS^^^6^fc:t>/*:7 

:/7Xv^^#g*^:t7tC^t)St>oTA^e. 1 0 II 

S^^T'$.i>7*^Xv^i:> 7''5X-=rSrttcy^Xv;S: 
^4frs::^^XT^^#gi:. :?'^X-7^t7j<^M?« 

:S:#ftBf--5A"XSf^^Mi:. y^X-^^rtlc^tte-n* 
/<;V/Xfi5lciE«BE^^'i'rx%ffi*D-r5a«i:*-&trii t 

[ii*^6] y^xvgrtteffit^^jg^-r^fcfeom 
(omm^m^. -73<o7'5X■^^T-{±y5X■=?4.fii^%^T 

V\ ffi:??C!):/7X-7^t«'9--fe7':Sfi:»ffi^lStt/'c»^ 

If® t -r^n^m 5 tiHe©-' vi/x/ 7 xtK^a^i' 
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:/7Xv%^fiit-r«¥S^«i^/-cy5X-x'Sic^tt?.n 

^n.fU7Xm.mt. Cs, Rb, K^ifcO^m^^fiSc 
\zm<. yX;Vt^K(Jfc»^!|t®i:-rsii*«5lc£« 

[IS^8] y^xv^^#a«;i->';j-7-r5«ei 

mf. 7'5X-7^#g*^^7{i:^-pfc:iS^ic-9-b:/^ 
K iEO-' W T'JJ^mjE^EPJlP C i: fc-r ««^^ 5 . 
6 Xt± 7 tlE««D/ '^^r 7 XTklgft-r 

So 

[0 0 0 1] 

S i C. :<f^X. 7'^X^'>i'^<^*6Mift:, ^Jl* 

ST^ffitaA-r^^MtgB-rso 7j<^'f:t>'aAtct±fe 
■rso 

[0002] [1. SOI »«<DSf^t0fc:46O7j<*-l'^ 
so Igte (silicon on insulator) i:V>3<D 

s o I »S^^^i»v^l6iii^t:S«^D±^i:»v^s i ^^^tc 
ICS i»il*fg«ScLftfeO*:ifTfeSo L*^LS»eS 

*aB^BA^?¥a-r5 (s i/'mmm/s iss) osm^jS 

(S i/S iOz/S iSS) ©3jl«3tT-SSo 

[0 0 0 3] Si -^x/N-li^TfeSo S5aS«D«><D 

A^A#b-S^>-rv\ S O I SSTti S i ©±»C S i 

^?LSJi*^5.5?WL. affiWSLTSO I iifS. en 
[0004] [ 2 . mi^B^B S 1 /:«r7 X»«S^t Oft:«> 

coTkm^^y'AX] ?SSgBSS(4**^xo±icT^-;i/ 
7rX'>U=i> (a-S i) »M^iia$^i-^<^±tJ:^ 

a®»sh7>'s^;^^f«r{tSL,ftfcoTfeSo cnjb^± 



k:^S->U3>Sffli (p-S i) SK^J^fiStLfctO 
T'feSo a - S i J; t3«?S^i6g*^ia;v>OTJ: t3iS2» 

[0005]® ^€iS3g, leis^s 

:j?gi/ij3>T F T-L CDJ S'^-T'ftffis ^6 9 
P 6 4 (1 9 9 7) 
[0 0 0 6] lcaS^nTV>;5e L*^L**^e>*/'£iSS 

[0 0 0 7] ©1tga¥8-9 7 4 3 2^ r»M4^3?{*S 

So 

[0 0 0 8] l*^l^!Sb1s i (Dmmicimwim'DmfE » 
*^^5n•H>•rv^fci^)^c, v— kw^hou— J^mat 

^7LSM*>P.S i ««^J?BrL**5X»®±tc S i 

«rfBJl«LT S i ^iKS/Kfkia/;«f^X<DHeJt*0< 

[0 0 0 9] [3. *ll«?6cD3fe^] »«ttaffi£D±tC 
mi^S S i ^CDtg 1 0 ~ 2 0 n mgS© 

PV^S l»)K*xv;tSf4^->^;V^SS-BrSo S i atBI* 
Sffitcg«-r57^}4 i: LT S O I tUC^i^'f >y ^^ 

Muff So SJE(DBt/cHttS«!5:**«T-fe»3«SA.O« 

[0010]® A.L. Akishin & G.M. Grigor'eva, "P 
ossibilities of increasing the efficiency of solar 

silicon elements in implanting U* and He'^ ions," 
Physics and Chemistry of Materials Treatment 1994 
28. (6).p365-368 (1994)»C JCoTSI^StlTV-'So *3 

[0 0 11] [4. S I C^(0:^m-<t>&Xl mt$<0 50 
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[0 0 1 2] © nii!. m'p^. rH+ a 

A t J: S »Mx 7 5 3 r ^ 5 > 3 >0 S 
i CsOfSffl-J 114 5IiIlia063t^aSI#Sim^ffilfe2 
9a-K-2. p803 (1 9 9 8) fe-55^V■'S/£A 

[0 0 13] 

[fie*cDa«] *s^!|^±c*ikb^ s i ^wm^m^L 
tcs i:t>^>'>3.i'-iS'mm. (v^t>^*s s o I Sffi) 

ci:*^a]e.tiT*5»3SifeT-tt;b«ilcP??^nTV^So c 

So 

[0 0 1 4] (D Special Issue: "Single-crystal silic 
on on non-single-crystal insulators"; edited by G. 
W.Cullen, Journal of Crystal Growth, vol.63, No.3, 

pp429-590{1983) 

[0 0 15] SOI mm<ovfSi^mt i^xr.-zxoysmis^ 
(s iMOx) T'^So oiiTK^-r^a-^ji 

•^x/N-'sOaASlclil-rSOt?. XV— 

5ScS,^#^SCi;*'T#5o 
[0 0 1 6] XT-bA-y ha{cj:SSO iSeoftS! 

© i^m^S-Z 6 4 3 8 6^CP5B$nTV>S„ ^© 

^lfi^c^,r^:<^^^DS:i^A^feSo Si^fc^B^-rso Bi© 

S i SS<OS®^^{kL S i Oz M^i'fSo fciS*-?- 1 

0 0 k e VSft©.7j<lS'l':t>«; 1X10'" /cmZ JSi 
±aAU 0. Z/im-O. 5 /imig^c05?g5lC3}?n-> 

T, «®©s iMoaA^?«-e^%iHi«-rSo SI OS 

1 S^S^Bfit)-&tp-»l:5o *6ii^M{3:^ 2 © S i 'i'X/N-t 
S«CJ:oT«(ri5^7L«B-emiS«%«Br-rSo 

«cs^p]B-r So c a LT s o I stg^fts-r So 

[0 0 17] ?3EA;?7Xt LT(i7j<^<7){telc. f&A'X^ g 
^:<fXT'fe<kV^A^ Tk^A^^feJf^nSo ^ntiSMA^ 
gVfcii), {gx^;Vip— Tfejgi< $TaAt?%s S^S 
i «ffi»tCJ^;^S^"p<->^AVjN$v^fcfeT'feSo 
[0 0 18] <zo:>i^m-^^>'&J<&tLX. B. P^i: 

<o^*Etfe«rs i»«icaA-rs'r*>aAigB%Mffl-r 



[0 0 19] y^X-TEbfili. ^7H'^;^>'h> 
glc^SSBT'fe^c XStc^K^OT^^f-^^^'^i 

(Va k) A^g^l^^nSe JjD^aS7 (Va c c) 10 

lomfiti:. Vacc + VakTfe^o 

[0 0 2 0] ^^V-'^ltOffiPScOii^fflBtclti. g8PlS50 

APai««S9. JSjim®! 0. ITfcSo iOSI 

9 imtfi 1 3 ^:rr UTiPaSmiS ? OiE1S:6^ig^^ 

nso otciiiSitsisi 2tmmt£n^o ^ 

^zy/'^ttias. mM9. 10. 1 icoffip^7)SS±tc 

H+ JiXUy bfil 8i&jl0> 1 9> 2 0^pl 

n^o ^Se-A 2 3 It-^-^Zf^ 2 5 c?)±C0 S i ^7X/N 

-2 4tc:aA^nso 

[00 2 1] 7}cm':f'7X'^mciE^:t.>iti^mm^r^^ 
xs3b^T#^o cntisso — s?so7K^iE-r:^-v:^^^ 
[0 0 2 2] ^pa->?iA^stc^-pT. 7K^-r:t>if- 

nicm\^\ rcisbK7s;v—'fyhm&\^\ ^<D^m. so 
t\ so iaffioffi^i4*^i£<s«)e>nTv^§tc:fe^6 
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[0 0 2 3] afca£^. 7j<«:/^X-T*ti:S®:g:5 6 

(7) "Ion-cut silicon-on- insulator fabrication with 
plasma immersion ion implantation": edited by Xian 
g Lu, S.Sundar Kumar Iyer et.al. Appl.Phys.Lett.71 
(19). 1997 

[0 0 2 4] m9\CCn^^-r^ y9X'^M2 0 0JCti 

M?4^*XAP2 0 2*^P>7j<^;^-;^^^#t^^n^o 
bnv (0^L:&1>) T'5I^L«iSS2 0 3 treasure 

•^-r^njS2 0 4;b^:^^X'TM2 0 otc«l&*n^o f 

^XvS2 0 0tDrtffl5tCtJ:S i ^/x/n- 2 0 7 :b^-9--tr:/ 
^2 0 8C>±tcaS^n^o •9-fe:/:$^2 0 8JJ:fft2 0 9 

ic^^x^n-^n^o fft2 0 9tia7^><7xaiii2 2 0 

-2 0 7^^g^ftSLTV>^o ^X7N-^AlC7^-rTX*r§ 
t7i<miE-(^>H+ . H2 + t^'^X/N-iO^atC— 

[0 0 2 5] c(Dy3mmm^mf:f^^^<^^^^m^icr^ 

(H2+. H+) «rifeT'>X7N-tc§l$3iA.TbS-5o 
X/N-:&affitCXV— h:^*y hT*#«:l/^ iJ^? (Hz ) 

tm^ w) xHmmif^2i^^'^(Dr\ iwiuinjix^.;!/ 

TaX^n^^^eTfe^o H2 + lCJ:oT— H 
+ JC«J:oT2»ai0^7LRM*^T^^o 
[0 0 2 6] -JM^-r:t>H+ T-JB^^n^ 2^aT:^ 
^y h-r^fO(i:^<3S:V^o fi5^7)^x/N-;g:BfiO{WT S O 

g) T'>x/N±ffitct>/co TiyjgiT^ntfPcgHfi::&v> 

[0 0 2 7] ^fc±f2S:SRT-(i. c^RgM^s?i*-r^fc 
fete. *-X85S. ax«:tF*if*a5S{kLTy^X-7« 
^:^n>'bo— ;l/L. y^X'T^'OIE'^^>'lt^^H2 
+ /H+ =90:1 0 ^UT. H2 + ^cfctJ^Sv^fiJ'&tr 

cDT2liS3b^?i<JS:0. l)iaT*PJ{tb^-r<'5:S<fc^ 
[0 0 2 8] b7b^L:S:4DH+ «^^JC^*-r^**^T*# 

35:v\ ^corcib}iC2msxmm-t^i^^itio'^h^o 

(DyjUXlt. y^X^ct'O^i^^-f^^/ll^^^^^H 
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cjt-^iK)2^cDm£E«repiinL^itntf. ig^sii-rsas^ 

[0 0 2 9] 10 

*v e- A asfi^j-stT IT *v>(7)-e-r :t > e - Ag^&iK 

(09) lf^'^X-7/<^?^—'P^=i>\'a—;l'-r^Ct 

CO 0 3 0] Tkigo^fiK-r^i-va^-afcissLfciii^ 
t>mif^^v. Mn*^ im^8o %w±S6£6*ijc4^ 

Co 0 3 1] 

fcV^^lf 1 0 0%H- T-^^c 7j<*fti'*>T'<OH- (D 



pp. 3 4 — 3 5 
CO 0 3 2] 2|s:^BB{±ft-J':3->'k:fettSH- ©«nfc!tt 

CO 0 3 33 flfi^^:7f<lSft-r:^->*^«:v^*^p.^^s^^■al*^^ 

S-P^-So S«^y^X•T^^^:i3V^T?!Ji6*^&S«^:/ 
SJc:&So -^lc±tt:t}£A-r5*^6X;l/-:/-y hA<?S 
CO 0 3 4] Tk^A-r^tvi^ifiS]**^?.— s^— ffi-r;^- 

CO 0 3 5] a«5^i8i*^T®T*s*>e.aiv>-Y:a->'t:- 

y^Xvlc^tt$-^T43^iE«ffi^7^;l/X6*IlcEPJiPLT 

v^KiS±-rs„ >-J<'i' H*-y hjiti:<t^ S i S O I Sffift 
H<Ogjinxh^§l#W«^*^t?#^o 

CO 0 3 6] 7kmn.^:t>\£-j^^m^^^*^mici>r^ 
Sttfe^o 7)<Mft'r^v^^^LT:^ati:^fig-r5A^? 

^t^SCT-feSo :/-7X-7cti-em-(':i-i'tt*''«:&-fiE-f*:t 
35 5 *^ 6 > t L Tft'f ;i- I # m L i: # 

CO 0 3 73 ft-Y^>'ifiStOP.gffll4vKo*^(7)X*tCj; 
oc•m?*^^^^i:?i^g^^•&5 c K J; o T^-Y 
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^MfrcOtciS-r^ttS^tCctoT. ft-r:t>S[«iE 

;b^li^^o fe-^^/ocnti— ^fi^^^»0-e•=^^O^tiE-l':4■ 
[0 0 3 9] t5*r;^>^FBir£ttaA-r^OTfe^>b>^^*:) 

[0 0 4 0] ?^'*miE/Vl/Xffif7)ffite:'^-5— o^-r^> 

ttH^^^S-a-btcKV^o 0. leV-O. OleVSS 
V^o ^CT'm^x:tx;l/4^-^0. 1 e Vgg[iXTtcTtf 

[0041] ^^iccs (o^mw!^(Dm^^m^mm i^tc 

[0 0 4 2] y^Xv(7)^5£ffiiWis y^^;^>h^c 



10 

SiH4. CHArj:E(o^^^mn:»:^t't^ct 
^X^^o S iH4 H- tt^l^tCS i X Hy - 

y fe T ^ s c ntiMft T« < < a 

[0 0 4 3] 

[0 0 4 4] [ 1 . ?Sfl*1tiE7^^T7.ji3 y-^XVj^flr 

%aA-rs:^ffiT*feSo y-^xv^fe^^s^^^v-rsc 

i:tcj:oT. y^X-sr^^SrtiC7k^%^try^Xv;& 

^^■rSo ^j)^tc:/^Xv*^^@^^t:7-rSo :/^Xv 

4«(^^^c05ae(i. Sc/i s e c JXrtlC. 1 0 e V:^^6 
See V*T^jitcfgT*rSo -7?. CO^ra. «^43J: 

mif^^tmnm-^m^u c -r c ^ tc <fc o TTkjgft ^ ^i- > 

;^^*J5g^tlS5t^*^%?«ttC]g<:^So e-+H2^H- 

^WL^yw&tf^^mmxcAim'r^o ^e>tc2o-3 0M 

s e c^XWM-r^h. m^ti^v^fc46tc. ^JgtcffiiSc 
SSA^:fe#t^fca6. 5&^?S^Sb«:v^o cc^fcfeS^** 

tmm\^'pr^<. iEm>r;a-vT'7''^xv*'^)sit^ns# 

[0 0 4 5]®" /Vl/T^^ISy^Xv" S/IIM— . JSffl 
1^ii^66#^6^s P5 5 0-5 5 8 (1 9 9 7) 

[0 0 4 6] (10) M.B.Hopkins. M.Bacal & W.G.Graha 
m." Enhanced volume production of negative ions in 

the post dischagrge of a multicusp hydrogen disch 
arge " J . Appl . Phys . 70 (4) . p2009-201 4 (1 991 ) " 

[0 0 4 7] (D(i^g^^7';l/=^>oy^Xv^cov^Tai 

^fc^OT^So m^tiiam-fyX^lz-Dx^^xm^fz^ 
coxtb^o *^B^#titin*J5^fr<:ffJffi-rSo :/^Xv 
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11 

maE«:Wftp*rso cnirc^-DX. 7mn^:t> (h-) 

[0 0 4 8] [2. x;^;l/4^-7-<;l/:^S] y^XvS 
%20tci}^IBU SI y^XvSTtili3^:«rx«r«^C 

«tc«i:^x:?^;l/4^-7^;l't5f^Stt§o S l XvX-r^ 
■e(J:ES*7'^X-^S^A^?tt>n«?Ox:?^;l/4^-*^S& 
x;t>;V4^-:7^;V^?tilSx^.;l/:^^-£Dm?051iS^ 
te<% S2X^XvSti{£x^;l/:^-(Om^:6^^<#ft 
-rSo <Sx*;V4^-S^ti43tt53'^, 
cD»fffi«*^;^^v>o fgx^wl/:¥-m^(i43l4il^tc^If 

^.;l/4^-c7)^?:6^/>;S: < 1 X^XvS:6^e){fix 

a?^*^A-pT<§o x^;l/:P-:7>f;l/i5?{i. m 

[0 0 4 9] [3. c sm n^:^>Mthxm^ji:< 
[0 0 5 0] [*s(i0ai (X^xv?gflrit^m-r;^->ti 

AP 2 9 ^Wf S^-VV/^ 3 0 tii^SJliS^a^X^X-v^ 
±SHT-feSo ^■v://^3 0rtSPT:5lC'9-fe7^^?l|ffi3 
±7?tc5trp]m^3 2;6^^tt^nSo 1^-feX^«<S 
3 I it->-^y h 3 siz^-DX^n-^n^o ->^yh3 3 
ti*6)»?43 3 4tcJ:oT^^V7^3 0*^e)*63S^n«o ¥ 
tT¥«m@3 K 3 2iO-730S^3 2ti:BEI93 7. V 
>yf->'^%t*^y^X3 8. BBlfl3 9. m 1 X-Y^y^4 0^ 
/M.T13. 5 6 MHz cO-^mil&MM A I izmt^-^tl 
§o K^i6a?g4 HiSl hU:^*lH]K4 slc^^ThV 

[00 5 1] ¥^T¥sm^s 3 1 > 3 2 (Di&yD(D^'ty^ 
mm3 1 tc(is iSffis sttrnm-^n^o ^^^^^mm 

3 1 tco-::5<s/^:7h 3 3ti*6Si?*3 4^^bT^-vv 
7^3 O^C^^it^nSo v'^^h 3 3t^E^4 2. S2X 
^*y^4 3^:n"LTIE7^-rTXmii4 4 iOIEIStCg^M^ 



12 

hi; :?!fI5]l8 4 6 <t o T^«BMtc: 5f >':^- :7-r S o 

[0 0 5 2] ^^-^y^^mmm^Ai^t. sk m2h 

U:^^lH]K4 5. 4 6^ia3iD.J:'5tC— ^(D^PBll|^t>o 
T:tV:f7-rSo 'X5X"T:g:;f^Sfl'-r«lg 1 X-f *y 
</Vl/X6^tC;j->:f7b^OIi:mJC^?-fe:J^^aM3 1> 
»>X7N- 5 8 tCiE07W7XmEE«:aiAp-rsS2 X>f 

So 

[0 0 5 3] X^Xv^^^^ V/^3 Ol^tCTK^;?:;^^ 
10 mXt^o lgl hU:^*(e]K4 57b^SlX^^y^4 0^:t 

> (7^;i/xii-5±7!)^o 4 8) tc-rso n^m&z 2. u- 

a-StS*^e<l?)7j<^X^Xv:b^*fig^nSo m^tiiS 
1 0 e VgSoaKx:^^;!/^^— *t>Oo cn^^HSOffi 

[0 0 5 4] Si hU:^^lHlK4 5/)^:j-y (.tL^Tt'^K> 5 
0) i:^S^. SlX><^y^4 0:6^«nSo X^Xvti 
ffi«tcrPl*^-5o «?^ia«*^T3b^OX^Xvil5<Dai Oe 
VMj*(Dlgx:^.;l/4^-«^(i§CM s e c^XcmMKTm 
20 -rSo KH6^tcm^(ix^>;l/4^-:&$^V^ae VgSOffi 

v^x*7l/:^^-^cftSo x*;i/4^— *m^^:iiS*^av^o 

T*7}<^®^^0®^if®a;b^¥L<ii;^So oSDtK^ 
tc«^L^<^So (ico{ax^.;V:*^-a?;bVJ<^^^?tc: 

-meow- Kt^^o X5X^g#§^5fe^^fttcj:S/c:46 
30 — MlCtiW^^V^jb^ i&10/isec--100msec 

[0 0 5 5] Si hV:^m^4 5ti^:^ytrj:r:>X'h^^:^ 

>t^^^x(ors. <fcD»*L<(i. m'^^Atm^ic 

{£T-rS. SI hy:^*[E]lS4 5:6^:^-:7 (5 1) bT;b^e> 
1 0 /I s e cm;b^e>:^:^^3S:SSTOP^tcS2 hV:ff 
0K4 6%;J->*rS (5 3) o ^i-VS 4^t£:{is S iS 
:Ktc2 0-2 2 0 k VcOIEi7)7^^7XmEE:bV^;l/X6gtC 

40 HiiQ^nSo ^x/N-t^jEo/^-rrxmE^^EPia^nx 

^XV5 7*tDft><^>*^^7X7N-5 8tC§l#»'^e)n 
So iDiS^nT'>x/N-OF^gp*?3i<^TjiA^So X 
^Xt5 7 0/£;b^t?ti^x/N-5 8 J:'5fe:^^V^cOT% 

7j<^ft-<:t>'{i±®tciwi^i^rcttaA^nSo f£^^^5t 

-YTXSECit- <nc«?^ (ji-^T3b^D 5 5) t^ti^^m 

[0 0 5 6] ■r<nE:55^«D[lIcDX^X'^.«^*T (lz:'5±A^0 
4 8) ^tTV\ X'^Xv;&ji-&±^f. cn^^SLT^'i' 
50 :t>gjg«risa6. lEO/WTxmjE^ffiJin-rs (S:-^± 



(8) 
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[0 0 5 7] COmmmr^li:^-^^^ 4 0. 4 3hL 
1%. gSOiIbiiiSiStiScHz-l OkHz$-e93 

[0 0 5 8] ^StiWI 1 (D±}^M. ^"yX^^^^l/Z-^y 

<iEo>'^-rTxmEE^ei*abTH- i sstcax-r 

[0 0 5 9] CCTti:]^il5SagOge^fflV^fc;^)^Jin 
7 b :^ :7 o fcilt^fT)^-^ ;r >ig*n^tC ^ ^ > i^-;^ 

[0 0 6 0] WMmz (ai^;V^-:7>r;l/^fJ«:^oT 

4'1t)ia^AS*^B (NBI: Neutral Beam Injection) ffl* 

(11) r^:^>mj:mj mm^m T^:t^i^:^^ 

ffifigp p486-492 :/-^X-^^P^^C7jc^;^*X^#X 

u y^XTMtc^tt?>nfc^:7^^pi>'b^iimAp^ 

So 

[0 0 6 1] -x^x-rMit. mmic^-oT. ^ly^x 
mizmm.^m,'rm}fCXr:>r. si o:;?3»>xogao^v^ 

n/ts 1 0 e vggo]Sx^.;i/^--m?^3^^^2 y^x-T 

[0 0 6 2] M2y^XTMtCti:. leV-0. leV 

[0 0 6 3] m4izmmm2^j;:omi^mc^^'ro 

:t:y±&^^mir^o my>f'y:^>hzf'7X'r^&mm 
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ctff^v^^o zf^x^me iittiSTsXn. :ff7.mtbn 
2^iit)7^^j?«>'h«ai6 stcggE^nSo y^^?^ 

10 [0 0 6 4] T^^xv^e 1 <D^rsmm^(Dmwm6 

mim6 9com^lcSLl 0;^'>X-1 OOrtf'^XSfiO 
(7)m?tiilDSttSCi::6^T#%V^o {£x:tx;l/4^— oa 
;0M^sm^ti^gx^.;l/^?-«?/-cfrt«rSS^S5(5^'^Sx 

[0 0 6 5] x^x-^me iimi^m6 9icX'Dr±T 
iz^mtEn^o ±y3itmy^^:!^>hK^':>x7icmx^ 

20 Xv^ae-rsgp^TfeSo mi ::^5Xv^6 8 

^o T^fiA>f:a->*i^-rsa55j^TfeSo m2y^x 

v^7 0fc»q^^o cc:it:t±'>X7>-7 2:&KBbfc-9'-fe 
y^7 S^^feSo •9-fey^?7 St^v'^T^h 7 4«::f>L^ 
SPlHlKtCO^A^So >^^:7h7 4tiS2X'l'*y^7 6. 

iE/^-rTXSiS7 7tco^A^So ^f-Y^vi^aSlHjK? 
8Jc<J:-:>TlllX-r^y^6 7. ^ 2 ^ 7 6 ttHS 
<7) J: -5 ^ ^ ^ > ^'^tcSfo T7 r^BSt- S o 

[0 0 6 6] lE/^-rZXSJECiS i *>x/N-^cDi2^M^ 
7m<om?sMt£\cX'Z>XmmK'^l6^o 2 0keV-2 

30 2 0 k e vosa^oriAg!!^ tt^mff^^^\ ^^^y^ 

^'"liSlH]K7 8{iX^^y^7 6^&;^y:t:7-rSo X^^y 
^7 6 7!)^ffli:fci:#'j7X7N-ti:iE«Etc:7^>fTX$ns 
*^^7j<^^^:t>*^^giE<aA^nSo i£:6^0fesy^ 
XvcD^tc ^7 X7 N- ^ e»-^tci&ffitC7j<mft-f ^ 
v^iiAT^So :^®aco:/'5XvTfeS*^6Sai^ 

If-A^gti^STfeSo 
[0 0 6 7] y^X"x^^6 1 OT^^i^^tcti. ^{Km^ 

SJ:^*iB?»Jtc*^TV^So BISa5PJT:^7XyiK«^ 
40 ^j«L?^«3e?«rX^X-7SOl5*gPJcBai:Ji4i>SflFffl 

[0 0 6 8] ^(OW}mt:k<DXoX&^o 7k«;9X«r:«^ 

xAP^^e^A-rso y^^^>h\c^^xm^m=^Witti 
-^nr-^iAmff^mc^o cnic^':>x^7sti'^X'^X'r 
tcae^nso c(D7'^XT(iiE-r;^->. m^. 4^1*11 

i^^?:^t?o a^;b^^<m-<:t:xli^*i.v a^x 
:^^;l/:^'-tilg< T 1 0 e veSfefeSo 

[0 0 6 9] mi^me 9AM^SK«B (S+:tf'>X-W 
50 iS^X^ if^mi. S27'^XvM68. 7 0<^i^WtCfe 



(9) 
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1 evwT) imtme 9(ommB^mK>mif^c tti^ 

[0 0 7 0] ^2:/^Xt^7 OJctifax;^;^:*^-*^^ 

'>x/N-7 2. -y-fey^r? 3lt:jEO/^-l'7':^«EE*WAP 
L T ft-f t ^m:*] J: o T ? I #o ;5 

CO 0 7 1 ] 3li6S«?"J 2 T-{4. ^ 1 y^X-^a 6 8 

^^^■f. m 2 y^Xv^ 7 0 <D*K:7!k^**X*ttil&L 
[0 0 7 2] lE/UT7.l3'^:^y 5 6TfeSi:#'?X-'N- 
VAW t ^«-r 5 fc x-- N - rtgi3tclSj 0 iiS 

T. :/7XvBe;&H^^fl5tctTfv\ ?i«-m<l*^^^F^^ 
ft-r:t:/a;**^is<^ofc^ic. •>x7^-^jEmff^c/^ 

'I'T'J^bTft'f'^V^'^x/N-t^&SWlciiA-r-So 
[0 0 7 3] mmmz (x^;l/:^J-7-f;l/3flcJ:oT 
ffix*;P:^^-m^^il-r) ] S 5 am 3 coHifSet)^^ 
■to C n{±x;t->;l/^-7 -r /VtSf OgP^J-^SSttlf < , 
j^c^^al58 1~8 4lC<}:oTB#g5^fct©TfeSe * 
x:/«iJi«rf^S7mKE7 1 ttig'Jlr:, t/^Xt^B 1 
(D^'P^^^fClBl— 7?[a]^(qIV>fc^^<^^]K58 1—8 4^IS 
WMhrn^-t^^iKmBS K 8 2®i:*^\»^5 

8 3, 8 4Hic-:^iq]knp)*>9a^iBaB*^Sfef So c 

2.fci60t>OT?$)So "^X/N- 7 2^F^^^WfCiEmj^Jc 

[0 0 7 4] [||]!fgeiJ4 (ECRy^XvgE) ] S 
4, ll5t>f^7-<5^«>hy^XvgBT*feof=:*\ H 

6 tg^f feOli E C Rvi'^aiS:/7X-?^fiTfe«o 

[0 0 7 5] ■Tif:*.hn>8 5T^^Lrc-7-l'^DS^8 

7 \,tmmM 8 6 ^eas-r €.0 -^^ ajg 8 7 ^.mnw^ 
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T**7>^y^X-^tci!ie-r§o :/5X-^a8 gcD^HfC 
(inf'yi/g oA^iassnSo 3-i';i/9 o«:/7Xvg8 
9rt^©y^x-7 9 1 icatK^g 2**-r«o e?^a=i 

jS«D«qieRHX (ECR) *^EC5o ^CtJ^^Xv^ft 
*^a<5S:So :/7X^^8 gcortSPic, •9--fey^9 3K: 
10 a:oT5t^;?ns'>x/N-9 4A^^tte.nSo :/^x^ 

9 1 i:'j7X/N-9 4 0±SA^Stt-rSo X-f'>y^9 7, 
IE/'?'rTXSiS9 8*<-9-fey^'9 3t®lW*n«o ^'-1' 
5 V'^'iaSEK 9 9 A^X-I' -y 5^ 9 7 ^JlWWfcl8P^-r 
So Sfwja^*^P^M-^Vi^^hay8 S*.:^^:^^^- 

So :^>*:7<o^''r5>rJ^ttia3K:^-rt'Df:isiu-??fe 

So 

[0 0 7 6] -^T-^*^, ha>8 5^M;l/X|gi!l-rSo 

Xv*<^ntcjs;uTj^T-rSo y'7X-^tf^m^rc^<r>n. 
H- *<s i ■i7x/N-{c^$nso ^STy-^x-vtcgs 

So 

[007 7] eifilitRIS] 0 7tiissgy5^^-ro -b 
feSo ■lr->'^AfiJfflX/^y^Sm-l':i->'ffitcOV>TaWl 

30 (i2)si5ge^, i±i*f], SBaeF#, '^mm.^s mm 

rRF7'7XTX/<-y^'SfeS-l'^>!f>*^&OK^ 
Slfy-ySSft-Ti^V^ltrmLltttJ Proc. BEA 
MS1995TOKYO, ppl91-194 

[0 0 7 8] y^Xv^figS 1 0 on<D±-fi\ic\tm'm!&. 
^-ffsy HOI jb^stj p.nSo ^f-y-y M 0 1 ott 

««61»%ll 0 2;S:«T^^lc:§|*aiStu %)^-<T7M. 
jg 1 0 3 tSE^^nSo A'XAP 1 0 4 *^5.11i^*'XA^ 

«$&$nSo :/^Xv^fi!cai 0 ortSPttiS^f-xo 
iS«&ai';H 0 SA^iSSSnSo 0 5 

40 (r>n,i-\t^^m% 1 0 6 ^iST^i-as'N^ »? eb^nso 

— iffit4v-y^>'^:a-;>y^'X 10 7, ^ 1 X-Y >y5f- 1 0 8 
Jg:iSTiS^a?«i® 1 0 9CSSg?nSo iiSilMSjil 0 

9 0— ^tiSJft^nSo n-r^n 0 5©ffii^(*^fl6$n 

TV^So ::^^Xvifi!tSl 0 OOTT^tcli, ■y-bT'^' 1 
1 0. 'i7X/>-l 1 1 A^^ltSnSo ISl 1 2{±*6Jt^ 

1 1 s^SoTii-apicssrso tti i 2, tj-fe-r^n 

1 0, -j/oi^N- 1 1 Hi, S2X'l'-y^ 1 14. ILfU 
T7MM \ 1 SCg^i^^nSo iE^WZXfligl 1 5 
ti, 20keV~220ke VOBSOinSx^/P^^i— % 
50 7j<^-l':a->'t#ASo ^'l'5>i^SlHlKl 1 6*^^ 



(10) 



#ga2 0 0 0 - 1 2 2 8 5 
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K ^2X-r*y^ 1 0 8. 1 \ A^mSCD^o^^^^ 
[0 0 7 9] >^^XV^^^ 1 0 0CD9im^:t-fy 1 

1 T^^fe^o ^lortas^c-bix1^7i:.c s i i s^b^iKS^n 

0/Wy7fefiS^DyX;Vl 2 1 It^-^y M 0 1 ^DTffi 

M 0 1 (ommcim-r^o y^xv^^^ i o o io 

t±?53XSfffiPl 2 2;b^fct)CCA-e>rta5^*^^i:?|< c 

CO 0 8 0] ^—^y h 1 0 1 tC(i:3 0 0 V-8 0 0 V 

->^A^^7b^*i;^?-y*y M 0 1 le:#SbTV^;5o X 
^X*^3fe^Ml 0 OtCT/l/dr^A r. ^-fey^Xe^^H 

^IX-Y^y^l 0 S^rT^U^^illKn-r;!/! 0 StClS 20 

TicmwjLm^ficmc-oxmm'r^tf^^. m^:»:^ ex 

e+H) oy^Xv;b^^^^n^o :/^X*x^^:V^-5c7){i 

[008 1] ^f— y M 0 1 »CS*t8ffi*^B3Jra^nT 

Xe + 'f':^->A^^— y-y hti:?l#^-ti:e.n«» ^S1±:^* 

■y ^ U i^i^-r So TK^^^^ti C s tf^^m^^m •? 5^-^ b 30 
T— ll?ftl';t>'H- lc:6:5.o C s ©T*«l-1':^:^ 

[0 0 8 2] SiljS^^3-i';H 0 sicJi-rJi^KJl?^'??^ 

[0 0 8 3] c(D:?&}iii, mr-s i »«±<pc sl!^v^^i 
(s i>>x/s-) c7j<jRft-r:«->*^aAsn«*\ 
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[0 0 8 4] m8K:^^mi/c^*)7iimn^^>'^s is 
?L«MA^e. s i :&t<jsiLT, s o I »««^tia•rs^f 8 

{tLS I 02 M*{tS (Do :kK7icm».^^y^'^X 
^i^av'-rf 0:#cSV>^?LaM^Jgfiit-rs (2) » ^ 
comi^^StCioT, aSOS i jl©}iA^^J<— i^^m 
SE-rS (3) o MlOS l»«^te»?^fc-arS (4) , 

ST'^ 1 as^^Bf-rs (5) o t<o'&. mm^mmr 

S (6) , C^LTSO I»«^ff»-rSo 
[0 0 8 5] 

AY >^aEA-r S ^ t J; -3 Tfiff ^HiS JC7j<^^S*ii 

[0 0 8 6] se.t:/^x^^^¥m«:^we*iti::t>/ 

:i-:7«SHtaffi»<:iECD/W7'X/Vl/X«rfflAD 

•r So a? cois^MSitic J: sssis^Rtf/^/i/x/'c-r 7 

So 

[^2] ftiiiSibeicJ;oT7k^:/5Xv:gr^figL. iS 
:^sjE«reniDbs 1 '>x7N-tc:7j(«a'r:t>'*aEA-rs 

1^0 

[US] 0 2 OB 1 oHfiSWctsv^T. ^jaism:^^#^ 
J&f S ^ ^ S > y «> X7 \- tciE<D-' W T :^aE* ffitin 
■r S ^ -r* 5 ^'^^sir/ ^/l/XiSJ^Ho 

[^4] ECR:/7Xva^fflV^aj|«:«miSKtcJ:oT^ 
^ >7^+iaJC»i^%^figLT7'7Xv%-^J-Lft'l'*>' 



(11) 



19 

[0 5] ECRy^X"ra:&fflV^*^\m5®l«tC^oT 

[08] 7jc«m-f;i-:y:&S iStgtcjiAbT7j<^o^?L 

LT s o I mffi^its-r^xM^^N-r^e 
1 ^^^/^ 

4 AP 

smn 

I oM^mis 

I I m^mm 

1 ZSg^^Sil 
1 3SSx 

1 4MSiJ^jltV^^^.^;;h 

1 57j<^jE<:tye-A 

1 6AP 

1 TffiP 

1 8XU*y hffi 

1 snm 

2 

2 1 pi^m^. 

2 2^]S4S^ 

2 3*ae-A 

2 4 »J7X7N- 

2 5-9-11:^^5? 
2 6 435^ttia^ 
2 7{i^»l» 

2 9 ;;?3XAP 

3 0^^>/^ 

3 1 ^"tif^mm 
3 2^*fp]m@ 

3 4J^lit4^ 



3 5tt 

3 emm^ 

3 7IB^ 

3 8v^y^>^^i-^>^x 

3 9iBlEI 

4 omx-r-y^ 
4 1 iSiiig^m^. 

4 2iB3B 

4 3^2X'Y^y^ 
10 4 4jE/^-r7Xmiii 
4 5^1 hViSm& 
4 6S2 hU:^lHlK 

4 8Sr'&±*^t) 

4 95j-> 

5 1:^:7 

5 zm^m 

2D 5 4:^^ 

5 5iLt>Tfi^0 

5 6;f:7 

6 1 -/^X-T^ 

6 4:7^'^;?i>^h 

6 5:7>r5p«>'h«iS 
6 er-^mm 

6 8^1 T'^Xt^ 

30 7 0m2y^X"TS 

7 IjJc^mS 

7 2^7J17N- 

7 3^t-fe:/i5f 

7 4fft 

7 5*6^a 

7 6X-r^y^ 

7 7IE7W77.m5^> 

7 8^-r^:/^*iSMlHlK 

8 1—8 4^^^a5 

40 8 5V^*^. hn> 
8 6»ig^W 
8 7V^^^ci5S 

8 8^it»^> 

9 On-Y;!/ 

9 1 y^X-7 

9 zmmm 

9 3-tJ-bX^ 
9 4 ';73:/^- 
50 9 5tt 
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9 6mm^ 

9 7X-Y*y^ 

9 SJE/WZXmJi 

1 ooy^X^^^S 

1 0 1 ^—Yy h 

1 0 zmm^ 

1 0 3m>'WTXaif 
1 0 4 ^XXP 
1 0 5 

1 0 6jfeJit!ia 

1 0 7 v»y^Vi^#y^^X 
1 0 8^1 X-r^y^ 

1 0 9mm^t&mM 



1 1 o-y-fey^ 

1 1 1 

1 1 2IA 

1 1 3*feii^^a 

1 1 4S2X>r*yf- 

I 1 SiE^^^TXmif. 

I I 6^^^>^^mmm^ 

1 1 7:^—f> 
1 1 8-fe->^^A@it 
10 119 
1 2 

1 2 1 yX;l/ 
1 2 2 pff XSf ffiP 
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